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If there is any group of people who do not need me to tell them
about Homer Smith's contributions to renal physiology, this must
certainly be it. We who tried to build on the foundation that he
laid for us can be pleased to meet to honor his memory and also
be happy that he chose to do at least some of his work in such an
attractive spot for a summer interlude.
Since I know that it is unlikely that I will tell you anything you
do not already know, I shall be mercifully brief. If, in my brevity,
I should seem to fall short of justice to Smith's contributions, I can
refer you to my somewhat more extended tribute in a current issue
of the Journal of the American Society of Nephrology [1].
For two decades it was clearance methods that provided the
major tool for the progress that was achieved in understanding
how the kidney works. I do not mean to underestimate the
contribution of micropuncture of the laboratory of A.N. Richards,
but, until its revival and widespread propagation in the late 1950's,
it had provided only a few fixed points from which studies in intact
animals could provide a broader and more detailed map of the
field.
It was Smith who recognized the full potential of clearances as
a tool for the quantitative assessment of many aspects of kidney
function. Of course it is well known that van Slyke, not Smith,
invented the term clearance [2]. But van Slyke conceived it only as
an overall index of renal function and not as a specific identifiable
volume. Also, Rehberg [3] recognized that the clearance of an
appropriate substance could provide the value of the rate of
glomerular filtration. But, unfortunately, he chose the wrong
substance to measure glomerular filtration in humans, and, after
comparing the excretion of urea and chloride with the clearance
of exogenous creatinine, did not press the technique further.
It seems appropriate on this occasion to note that the idea of
using non-metabolized sugars for measuring glomerular filtration
had its origin here, or should I say down the road, in Saisbury
Cove where E.K. Marshall, Smith's friend and early mentor,
found that no sugars appeared in the urine of aglomerular fish.
The fact that sugars were not secreted by the renal tubules of
course did not prove that they were not reabsorbed. The latter,
unfortunately, led to a number of studies in Smith's lab in which
the clearance of xylose was assumed to be equal to glomerular
filtration rate, until roughly simultaneously in Smith's lab and that
of Richards, inulin was found to be the right one to use.
From that time the use of inulin made it possible to measure
precisely the rate of transport of various other substances and to
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study how they varied with concentration in the plasma and with
various other manipulations.
Although it was Elsom, Bott, and Shiels [4] who found that the
urologic contrast media, diodrast and hippuran, had clearances
well above that of inulin, they used that information only to
conclude that secretion by the tubules must be involved, a
conclusion that did not add much to the considerably earlier
demonstration by Marshall of renal tubular secretion of phenol
red. It was Smith who recognized that those clearances were so
high they could not be much less than the total renal plasma flow.
He thus opened the way for the assessment of glomerular
filtration and effective renal plasma flow, the reabsorption and
secretion of various substances, as well as the effect of disease and
physiologic variables in the intact human.
It is interesting to note that, in the development and use of
methods for the measurement of glomerular filtration and effec-
tive renal plasma flow, Smith built important structures on the
experimental observation of others, finding in those observations
implications that the others had missed.
The availability of a quantitative measure of the rate of
glomerular filtration made it possible to determine the relation-
ship between the amount of a substance filtered and the rate at
which it was excreted in the urine and thus to quantify the rate at
which it might be reabsorbed or secreted by the tubules. In many
cases where active transport was involved a saturable transport
capacity could be measured. In Smith's laboratory and in others
where his methods were adopted, maximum rates of reabsorption
were measured for materials such as glucose, amino acids, phos-
phate, and sulfate, and maximum secretory transport for phenol
red, diodrast, and p-amino hippurate. Thus for most of these
materials it was relatively easy to explain the relationship between
the amounts filtered and excreted.
If anyone anticipated that similar simple relationships might be
found in the case of salt and water, they quickly learned otherwise.
This was surely no surprise to Smith who wrote in his 1937 book
[5]: "The history of renal physiology has erred, more often than not,
by attempts at oversimplification. The problems of salt and water
excretion appear to be... especially liable to this danger."
In any case, in the late 1940's, Smith and his coworkers turned
their efforts to the study of urine dilution and concentration and
the excretion of sodium. Smith had, some 10 years earlier in his
1937 book [5], proposed the division of water reabsorption into a
larger "obligatory" fraction and a smaller "facultative" reabsorp-
tion, the latter under the control of anti-diuretic hormone. The
intervening mammalian micropuncture studies of Walker et al [6,
7] had made it possible to identify the obligatory fraction with
isosmotic proximal reabsorption. Smith inferred that reabsorption
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of sodium provided the driving force for the passive reabsorption
of water in the proximal tubule and that the free water clearance
in water diuresis was the equivalent of the sodium reabsorbed in
the distal segments. The effect of antidiuretic hormone was to
permit that excess water to escape, returning the fluid in the
tubules to isotonicity, and to activate the process that led to the
production of hypertonic urine. As to the nature of the latter
process, Smith and many of the rest of us were very slow in getting
around to accept the mechanism that had been proposed by Wirz,
Hargitay, and Kuhn [8]. Smith's admission of his error is an
amusing paper [9] well worth reading.
As for sodium, it did not take long to be convinced that, unlike
that of many organic substances, the excretion of sodium was not
the difference between the amount filtered and a fixed reabsorp-
tive capacity. But that sodium excretion could not, at that time, be
readily explained should be no surprise. In the intervening half
century we have learned about a number of factors that were then
unknown and that influence sodium excretion, but we still do not
have a quantiative explanation, much less a way of predicting how
much sodium will be excreted in the urine.
Over thirty years or so many important experimental contribu-
tions came from Smith's laboratory. I will not try to deal ade-
quately with them. But I do not mean to denigrate that work when
I say that, apart from the many outstanding investigators who got
their start in Smith's laboratory, I believe that Smith's greatest
contributions to renal physiology were in the synthesis of obser-
vations of various origins into a logical and consistent picture of
how the kidney works. (Here I differ from Smith's own judgement.
He once told me that he thought his greatest contribution to renal
physiology was the trained unanesthetized dog.)
The influence of Smith's fruitful ideas was multiplied by the
lucid, easy style with which they were presented in his writings. His
talents as a writer— of novels and philosophy as well as science—
were widely recognized. His 1937 book on the physiology of the
kidney was my first significant exposure to the subject and
provided the real impetus for me to have a try at that field. His
1951 book [10], for years the definitive word on the subject, was a
much larger volume reflecting the burgeoning of renal physiology
and its application to human heath and disease that his ideas had
had so much influence in bringing about. Bob Pitts, one of Smith's
most distinguished students, wrote for Smith's biographical mem-
oir for the National Academy of Sciences: "For over30years he...
dominated his chosen field in a way few (if any) have dominated
other fields."
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